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(57) Abstract 

The linear variable pressure adaptive braking and traction control system (10) includes a control valve s (70) having a linear 
actuato?(7JS (74). The linear actuator (72) may be operated to displace axiaily a ^^^^S^ 22 

and which has a First valve seat (85) controlling fluid flow into a longitudinal passage (84) of e *'*^ 
valve seat (85) engages a ball valve (101) disposed within an interior opening (97) of a slidable piston (90), the ball valve (iui) 
Ed by a re ilient mechanism (102). The ball valve (101) also engages a piston valve seat 96) ^ "/^^Zte 
tL nictrvn /am The niston f90) has a seal (92) thereabout and slides within a bore (76) of the valve (74). A spring mechanism 
SoTSiX an end (77) of the bore (76) having a passage (39) which communicates 

with a rX bore section (78) communicates with a passage (45) which connects the bore (76) with a wheel 

Ufa S^a an eYectSc valve mechanism (40). Another end (79) of the bore (76) includes a parage (55) which 
the longitudinal passage (84) of the valve member (82) with a sump (58) that communicates with the pump (50) A vehicle master 
cyhnder ^mauniaw with the wheel brake (20) via the electric valve mechanism (40). The control valve (70) may be utilized 
. to provide both adaptive braking and traction control system operation. 
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LINEAR VARIABLE PRESSURE ADAPTIVE BRAKING 
AND TRACTION CONTROL SYSTEM 

The linear variable pressure adaptive braking 
and traction control system of the present invention 
relates generally to a control valve that provides adap- 
tive braking and traction control functions for a 
vehicle, and in particular to a linear variable pressure 
control valve that provides such functions. 

Adaptive braking systems have been utilized in 
vehicles. Traction control systems are now beginning to 
be utilized in vehicles, and primarily as an add-on fea- 
ture to an adaptive braking system. Because traction 
control has been provided primarily as an add-on feature, 
it has been necessary to provide additional components 
such as solenoid valves, actuators, etc. for this func- 
tion. It would be highly advantageous to provide an 
adaptive braking system which can be utilized both for 
adaptive braking and traction control. In order to. accom- 
plish this, it is necessary to provide an actuation device 
or devices that can be operated by the vehicle's elec- 
tronic control unit to provide the desired function in 
the appropriate circumstances. By providing a braking 
control system that accomplishes the dual purposes of 
adaptive braking and traction control without the dupli- 
cation of hardware or addition of extra hardware, the 
;ost and complexity of the system can be reduced so that 
the traction control function is no longer an add-on 
feature of the control system. 

The present invention provides solutions to the 
above problems by providing a linear variable pressure 
control valve, comprising a valve body having therein a 
bore, the bore communicating with first, second, and 
t" rd passages in the valve body, a 1: nearly operable and 
axially slidable valve member extending into said bore, 
the valve member having a longitudinal passage extending 
from a first valve seat at one valve end to a valve mem- 
ber opening within said valve member, the valve member 
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opening communicating with said third passage, seal means 
disposed about said valve member in order to separate 
said third passage from said second passage, slidable 
piston means disposed within said bore and having a seal 
located thereabout, the seal and piston means separating 
said first passage from said second passage, the piston 
means having an interior opening communicating with a 
through end opening of the piston, valving means disposed 
within said interior opening and biased by resilient 
means into engagement with a piston valve seat which 
controls fluid flow through said end opening, the valving 
means engaging the first valve seat of the valve member 
to control fluid flow at said longitudinal passage, and 
spring means disposed within said bore and biasing said 
15 piston means toward said first passage, so that axial 
displacement of said valve member causes selectively one 
of a displacement of said valving means from said piston 
valve seat and a displacement of the first valve seat 
away from said valving means, and a fluid pressure dif- 
ferential within said bore able to cause said piston 
means to move slidably to effect one of said valve member 
moving said valving means away from said piston valve 
seat and said piston valve seat moving said valving means 
away from said first valve seat. 

One way of carrying out the invention is 
described in detail below with reference to the drawings 
which illustrate an embodiment in which: 

Figure 1 is a schematic illustration of the 
control valve and adaptive braking and traction control 
system of the present invention; 

Figure 2 illustrates in detail a section view of 
the control valve of the present invention; 

Figure 3 is a schematic illustration of the 
system of Figure 1 wherein braking pressure is being 
decayed away from the wheel brake; and 

Figure 4 is a schematic illustration of the 
system of Figure 1 wherein braking pressure is being 
built for the wheel brake - 
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The linear variable pressure adaptive braking 
and traction control system with control valve in accod- 
ance with the present invention is illustrated schemati- 
cally in Figure 1 and indicated generally by reference 
numeral 10. System 10 provides brake pressure build, 
° hold and decay functions for both adaptive braking and 
traction control. System 10 comprises only a portion of 
a total adaptive braking and traction control system, 
with the additional parts being merely duplicates of some 
of the components of the system. For example, system 10 
includes at least one wheel brake 20 which communicates 
with pressure chamber 32 of multiple chamber master 
cylinder 30 by means of a valving means or two-position, 
three-way isolation solenoid valve 40 and line connection 
35. Wheel brake 20 also communicates with a linear vari- 
able pressure control valve 70 via solenoid valve 40 and 
second passage 45. System 10 includes one-way check 
valve 36 in line connection 37 which communicates with 
pump 50. Pump 50 includes motor 52 which drives one or 
more pumping sections 54 to provide increased fluid pres- 
sure to first passage 39. First passage 39 may include 
high pressure accumulator 60 and one-way check valve 65, 
check valve 65 also communicating with third passage 55. 
Third passage 55 comprises a return line communicating 
between control valve 70 and an inlet side of pump 50 via 
25 low pressure accumulator or sump 58. Depending on the 
type of system provided, high pressure accumulator 60 and 
check valve 65 may be optional. Control valve 70 com- 
prises linear actuator 72 which is connected with and 
operates valve 74 to assist in varying fluid pressure com- 
municated with valve 74. in a typical adaptive braking 
and traction control system, there would be four wheel 
brakes and an isolation solenoid valve 40 for each of the 
wheel brakes or, in a Y-split system, one isolation sole- 
noid valve 40 for each of the front wheels and a single 
35 isolation solenoid valve for both of the rear wheel 
brakes. There would be a single pump motor with multiple 
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pumping sections, one or more sumps depending on the 
plumbing of the system, and a linear variable pressure 
control valve 70 for each of the wheel brakes to be con- 
trolled (in a Y-split system, one control valve for both 
of the rear wheel brakes) . Likewise/ in a cross-split or 
X system, a single control valve 70 can be utilized to 
operate two diagonally opposed wheel brakes. 

Referring to Figure 2, control valve 70 is 
illustrated in detail wherein valve 74 includes a stepped 
bore 76 wr-rii communicates with third passage 55 at 
second bore end 79, with a second passage 45 at interme- 
diate bore section 78, and with first passage 39 at first 
bore end 77. Bore 79 includes bearing sleeve 80 which 
houses axially moveable valve member 82. Linear actuator 
15 72 (see Figure 1) includes threaded shaft 75 which is 
threadably received within valve member 82. Valve member 
82 includes valve member opening or transverse opening 83 
which communicates with longitudinal passage 84 that 
terminates at first valve seat 85. Valve member 82 
includes sealing mechanism 86 which engages reduced diam- 
eter bore section 81. Located within bore 76 is piston 
means 90 comprising a generally cup-shaped piston having 
seal 92 thereabout engaging sealingly the surface of bore 
76. Piston means 90 includes through end opening 94 
which receives valve member 82, and is biased by resilient 
means 100 toward first passage 39. An end member 93 is 
disposed over open end 94 of piston means 90, end member 
93 having openings 95 which premit fluid to flow into 
interior opening 97. Valving means 101 comprises a ball 
valve that is biased by resilient means 102 against piston 
valve seat 96. Resilient means 102 also biases valving 
means 101 into engagement with first valve seat 85 of 
valve member 82. 

During normal braking, pump 50 is not actuated 
unless the braking system is a full power system which 
utilizes the pump pressure for normal braking boost to 
the master cylinder. Solenoid valve 40 is not energized 
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and this permits master cylinder 30 to transmit pressure 
via line connection 35 directly to wheel brake 20. The 
pressure communicated to tlv wheel brake is prevented 
from communicating with pump 50 by means of check valve 
5 36. Axially extendable valve member 82 connected with 
linear actuator 72 is in a retracted position so that if 
the pump motor is operating pressure generated by the 
pump is trapped within first bore end 77 because valving 
means 101 seats on piston seat 96. Additionally, any 
fluid pressure emitted from control valve 70 would be 
prevented from communicating with wheel brake 20 by means 
of solenoid valve 40. Pressure generated by pump 50 
returns to sump 58 and inlet line 3 8 by means of check 
valve 65 and return line 55. 

Should control system 10 be activated by elec- 
tronic control unit 110 which determines that a wheel 
skid is imminent, solenoid valve 40 is energized so that 
master cylinder 30 is isolated from wheel brake 20. Pump 
50 is activated in order to provide build fluid pressure 
in preparation for reapplying the brakes once skidding is 
avoided. Pump 50 transmits fluid pressure to first bore 
end 77 but this pressure is prevented from communicating 
with second passage 45 by valving means 101 and piston 
valve seat 96. The energization >. f solenoid valve 40 
connects wheel brake 20 with intermediate bore section 
78. The high pressure at wheel brake 20 acts against the 
left side of piston means 90 to cause piston means 90 to 
translate to the right and separate valving means 101 
from first valve seat 85 so that fluid pressure communi- 
cated via second passage 45 is decayed to sump 58 and the 
inlet side of pump 50 by way of longitudinal passage 84, 
valve member opening or transverse passage 83, second 
bore end 79, and third passage 55 (see Figure 3). Should 
the pressure transmitted to intermediate bore section 78 
not be sufficient to move piston means 90 and valving 
means 101 away from first valve seat 85, the linear actu- 
ator will operate to retract a bit further and move first 
valve seat 85 away from valving means 101. 
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During the decay phase of the adaptive braking 
cycle just described, it is desirable to increase the 
wheel brake pressure to create effective braking when it 
is determined that the wheel is no longer skidding. 
During this build phase, valving means or solenoid valve 
40 remains energized and pump 50 continues to operate. 
Control valve 70 is either still decaying wheel brake 
pressure to third passage 55 or valve member 82 has come 
to rest against valving means 101 as piston means 90 
translates to the left as a result of reduced pressure 
within intermediate bore section 78. To reapply the 
brakes, linear actuator 72 is energized so that threaded 
shaft 75 rotates and extends axially valve member 82 to 
lift valving means 101 away from piston valve seat 96. 
^5 This permits fluid pressure communicated from pump 50 to 
first bore end 77 to be transmitted through end opening 
94 and to second passage 45 for transmittal to wheel 
brake 20 (see Figure 4) . 

During the operation of adaptive braking system 
10/ it may be determined by electronic control unit 110 
that the pressure at the wheel brake should be maintained 
at a present pressure level. To accomplish this, linear 
actuator 72 ceases operation and a buildup of pressure 
within intermediate bore section 78 causes piston means 
90 to translate to the right so that piston seat 96 
engages valving means 101. Should this cause valving 
means 101 to be lifted off first valve seat 85, then 
pressure within intermediate bore section 78 is permitted 
to decay to third passage 55. Control valve 70 will come 
to essentially an equilibrium position so that either 
both of valve seats 85 and 96 are closed or if any pres- 
sure bleeds through the valve seats the pressure will be 
in such a small amount that it will have a negligible 
affect. 

If system 10 is to be operated in order to pro- 
vide traction control, the system will operate in essen- 
tially the same way as described for the build, decay and 



20 



25 



30 



35 



10 



15 



20 



25 



30 



PCT/US9 1/04844 
WO 92/03321 

- 7 - 

hold functions of the adaptive braking system. If during 
an acceleration of the vehicle a vehicle wheel is deter- 
mined to be spinning excessively, pump 50 is energized 
(if it is not already operating) to build pressure to 
5 apply braking to the spinning wheel. Solenoid valve 40 
is activated in order to connect wheel brake 20 with 
control valve 70. The linear actuator operates to extend 
axially valve member 82 and displace valving means 101 
away from piston valve seat 96 so that fluid pressure 
from pump 50 will be communicated with second passage 45 
and solenoid valve 40 (Figure 4). This build function of 
the traction control system is the same operation as 
provided for the build function of the adaptive braking 
system. Likewise, the decay and hold functions of the 
traction control system are the same as the decay and 
hold functions of the adaptive braking system operation. 

When the adaptive braking or traction control 
system terminates operation, linear actuator 72 returns 
to its retracted position so that valve member 82 is 
retracted. Pump 50 is deactivated, unless it is a full 
power system. The valving means or solenoid valve 40 is 
deneergized so that master cylinder 30 is again connected 
with wheel brake 20 for normal braking operation. Pres- 
sure within return line 55 and sump 58 is permitted to 
normalize with the master cylinder pressure (should the 
master cylinder pressure be lower than the return pres- 
sure) by means of one-way check valve 36. System 10 will 
have been returned to its original non-braking mode with 
the exception being that there will be some residual 
pressure both in first bore end 77 and intermediate bore 
section 78. This pressure should not last long because 
perfect sealing between these portions of bore 76 by 
means of seal 92 around piston 90 is unlikely. The pres- 
ence of pressure within first bore end 77 and intermediate 
bore section 78 is not adverse to the operation of braking 
system 10 for normal braking. 
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A major advantage of the present invention is 
that it provides a means for varying the build and decay 
wheel brake pressure rates such that the transition rate 
between pressures is not fixed , as occurs with fixed ori- 
fices, but can be controlled actively by the ECU effecting 
variation of the actuator speed. 
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CLAIMS 

1. A linear variable pressure control valve, 
comprising a valve body having therein a bore (76), the 
bore (76) communicating with first (39), second (45), and 
third (55) passages in the valve body, a linearly oper- 

05 able and axially slidable valve member (82) extending 
into said bore (76), the valve member (82) having a 
longitudinal passage (84) extending from a first valve 
seat (85) at one valve end to a valve member opening (83) 
within said valve member (82), the valve member opening 
10(83) communicating with said third passage (55), seal 
means (86) disposed about said valve member (82) in order 
to separate said third passage (55) from said second 
passage (45), slidable piston means (90) disposed within 
said bore (76) and having a seal (92) located thereabout, 
the seal (92) and piston means (90) separating said first 

15 passage (39) from said second passage (45), the piston 
means (90) having an interior opening (97) communicating 
with a through end opening (94) of the piston means (90), 
valving means (101) disposed within said interior opening 
(97) and biased by resilient means (102) into engagement 

20 with a piston valve seat (96) which controls fluid flow 
through said end opening (94), the valving means (101) 
engaging the first valve seat (85) of the valve member 
(82) to control fluid flow at said longitudinal passage 
(84), and spring means (100) disposed within said bore 

25 (76) and biasing said piston means (90) toward said first 
passage (39), so that axial displacement of said valve 
member (82) causes selectively one of a displacement of 
said valving means (101) from said piston valve seat (96) 
and a displacement of the first valve seat (85) away from 

30 said valving means (101), and a fluid pressure differen- 
tial within said bore (76) able to cause said piston 
means (90) to move *1 id ably to effect one of said valve 
member (82) moving said valving means (101) away from 
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said piston valve seat (96) and said piston valve seat 
(96) moving said valving means (101) away from said first 

valve seat (85). 

2. The control valve in accordance with Claim 
1, wherein the valve member (82) is connected with a 

05 linear actuator (72) which displaces axially the valve 
member (82). 

3. The control valve in accordance with Claim 
1, wherein the valve member (82) extends within said end 
opening (94) of the piston means (90) in order to engage 

10 the first valve seat (85) with said valving means (101). 

4. The control valve in accordance with Claim 
1, wherein the valve member opening (83) of said valve 
member (82) comprises a transverse opening (83). 

5. The control valve in accordance with Claim 
!5 l, wherein the valving means (101) comprises a ball valve 

(101) which engages said piston valve seat (96) to 
control fluid flow through said end opening (94) and 
engages said first valve seat (85) to control fluid flow 
through said longitudinal opening (84). 

20 8. The control valve of Claim 1 in combination 

with an adaptive braking and traction control system 
(10), wherein the first passage (39) communicates with 
pump means (50), the second passage (45) communicates 
with a wheel brake (20) via electric valving means (40), 

25 and the third passage (55) communicates with sump means 
(58) that communicates with said pump means (50). 

7. The control valve and adaptive braking and 
traction control system in accordance with Claim 6, fur- 
ther comprising master cylinder means (30) which 

30 communicates with said wheel brake (20) via said electric 
valving means (40) . 

8. The control valve and adaptive braking and 
traction control system in accordance with Claim 6, fur- 
ther comprising high pressure accumulator means (60) and 

35 check valve means (65) which communicate with the first 
passage (39) and are located between said bore (76) and 
pump means (50). 



WO 92/03321 



- 11 - 



PCT/US9 1/04844 



05 



9. The control valve and adaptive braking and 
traction control system in accordance with Claim 8, 
wherein said check valve means (65) is disposed in a line 
connecting said third passage (55) with said first 

passage (39) . 

10. The control valve and adaptive braking and 
traction control system in accordance with Claim 9, 
wherein said check valve (65) prevents fluid flow through 
the line in a direction from the third passage (55) to 

10 the first passage (39). 
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